diagnosis of hypothyroidism and in the therapeutic aspect also. Vitamin D, being a hormone, acts on various types of cells and plays multiple roles. Other than bone metabolism, it has a causative role in various diseases 2, 3 like diabetes mellitus, 4 cancer, 5 multiple sclerosis, 6 autoimmune diseases, 7 and atherosclerosis. 8 Vitamin D not only acts through the immune-mediated process but also acts on the thyroid follicular cells by inhibiting directly the thyrotropin-mediated stimulation of iodine uptake in dose-dependent manner. 9 A population-based study has observed low thyroid-stimulating hormone (TSH) among younger individuals. 10 Hence, the reliability of TSH in the diagnosis of hypothyroidism in younger individuals is affected. Thus, in the present study, the relation between TSH and vitamin D with triiodothyronine (T3) and thyroxine (T4) at the time of diagnosis of hypothyroid cases has been evaluated.
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MATERIALS AND METHODS
Two hundred cases of newly diagnosed hypothyroidism and 200 healthy individuals as controls were included in this case-control study. Written consent was taken from all the participants in the study. Complete history was taken. They belonged to the age group of 15 to 30 years. None of the participants were started on treatment for hypothyroidism. Patients with renal diseases, hepatic disease, rheumatologic disease, diabetes mellitus, alcoholics, dermatologic diseases, and child birth in last 1 year were excluded from the study. Control groups of people were those who visited the hospital for health checkup and the volunteers of blood donations. Venous samples were collected after 12 hours of fasting in plain tubes. For all the participants of the study, plasma glucose (glucose oxidase and peroxidase method), serum creatinine (modified Jaffe's kinetic method), and blood urea (urease method) were evaluated to rule out the basic pathology and it was done in Beckman Coulter AU 480. 
RESULTS
The mean, SD, p-value, and Pearson's correlation (r) were calculated for the age, sex, serum calcium, serum vitamin D, serum iPTH, and thyroid profile. Age group of the cases and controls were matching. In age and sex categories, there were no statistical significance and p-value was >0.05. For serum calcium, serum vitamin D, serum iPTH, and thyroid profile, p-values were <0.000 and hence statistical significance was seen. The characteristics of the physical parameters and the p values are shown in Table 1 . The characteristics of the biochemical parameters and the p values are shown in Table 2 and Graphs 1 and 2. The TSH and iPTH values were higher in the hypothyroid cases (6.92 ± 0.97 and 57.6 ± 3.30 respectively). The mean values of serum calcium and vitamin D were lower in hypothyroid cases: 7.92 ± 1.77 and 14.79 ± 2.11 respectively.
The comparison of TSH, serum calcium, and vitamin D values according to the sex distribution was statistically insignificant and it is shown in Table 3 and Graph 3. In hypothyroid cases, TSH was higher and serum calcium and vitamin D were on lower side and were statistically significant with p-value <0.000. In control group, there is a positive correlation between the vitamin D and each of calcium (r = 0.76) and T3 (r = 0.59). In these cases, there was a significant negative correlation between vitamin D and TSH (r = −0.52). There was also a significant negative correlation between calcium and TSH (r = −0.40). The correlations among the parameters are shown in Table 4 .
DISCUSSION
Vitamin D, being a steroid hormone, not only plays a role in bone metabolism but also has a role in the pathogenesis of diabetes mellitus, hypertension, cancer, and autoimmune diseases. Vitamin D acts on 36 cell types that have vitamin D receptors (VDRs) including the thyroid gland. The vitamin D deficiency causes the abnormal functioning of the thyroid gland and presents with the symptoms of the hypothyroidism. 8, 13 Moreover, in the hypothyroid patients, the intestinal motilities were sluggish and it causes the malabsorption of vitamin D and it goes as a vicious cycle. 14 20, 21 Hence, usually serum concentration of 25(OH)D is measured as it has longer half-life of 15 days, which was followed in the present study also. Even though increased TSH is used as the marker of hypothyroidism for long time, it is only a feedback mechanism to reduce T3 and T4 and it will elevate during the time the disease has already progressed. But vitamin D playing the role in the pathogenesis of the disease will get altered at the early stages of the hypothyroidism. In the present study, serum calcium and vitamin D levels were on lower side in cases when compared with the controls. Intact PTH was increased as a compensatory mechanism to reduce calcium and vitamin D. There was also a significant negative correlation between TSH and vitamin D levels in the cases at the time of diagnosis of hypothyroidism. In vitamin D deficiency individuals, iPTH increases as they are not able to maintain the serum calcium levels. In this study also, iPTH levels were elevated in accordance with the vitamin D levels and calcium levels. The target cells of iPTH are less responsive to the iPTH in hypothyroid cases, which also aggravates the vitamin D deficiency in the hypothyroid cases. 22 This study shows the decreased levels of vitamin D in females than males, but it was not significant. The other studies have also mentioned the nonsignificant decrease in vitamin D levels among males and females. 23, 24 A study conducted in Japan has shown vitamin D deficiency in 40% females and 20% males with thyroid disorders, which was statistically significant (p < 0.005).
14 Thus, in cases of hypothyroidism, the vitamin D levels should be analyzed as a routine to treat one of the causative factors of the disease pathology. Moreover, vitamin D is one of the modifiable risk factors for hypothyroidism and hence it is necessary to include vitamin D analysis as a routine in hypothyroid cases and to initiate the treatment of vitamin D. On following the analysis of vitamin D as a routine in practice, it becomes possible to diagnose hypothyroid cases in the early stages and to prevent the progression of the disease. 
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LIMITATIONS AND RECOMMENDATIONS
The present study has not attempted to exclude the effect of smoking, body mass index, and other factors which could alter the TSH levels. Moreover, only the newly diagnosed cases have been included in the study and attempts should be taken to follow the therapeutic effect of vitamin D on hypothyroid cases.
